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THE MASS OF KERATIN REMOVED FROM THE STRATUM
CORNEUM BY STRIPPING WITH ADHESIVE TAPE*
R. T. TREGEAR, M.Sc. AND P. DIRNHUBER
Several investigators have used adhesive
tape to strip the epidermal surface of keratin
nd so study the components and functions of
the stratum corneum (1-5). While working with
this method we required to know the mass of
keratin removed by each successive strip. As the
mass was too small to be conveniently weighed
we developed an indirect method of measuring
it depending on the quantitative uptake of a
dye by the keratin. This gave reliable results,
hind we describe it here in the hope that it may
be useful to others.
METHODS
Experiments were performed on normal adult
white subjects of both sexes; except where other-
wise stated the flexor surface of the forearm
was used. The skin was shaved with an electric
razor and then stripped by the successive applica-
tion to the same area of adhesive tape, consisting
of a clear latex adhesive on a polythene backing
(Lassovic No. 17, Smith & Nephew, England).
The tape was pressed on to the skin by a spring-
loaded metal roller exerting approx. 3'—1 Kg/cm2;
this technic avoided shearing forces during
pressure and the formation of petechiae. The
tape was pulled off the skin smoothly and slowly
at an angle of 45° and stored on a glass plate,
adhesive side downwards. Stripping was continued
until the surface appeared glossy; histological
examination showed this to be close to the base of
the stratum corneum. Each tape was placed in
the dye, a diazonaphthyl sulfonate (Carmoisine
W, I.C.I. Sodium Salt of 4 Sulfo--Napthalene-
azo-a-Naphthyl-4-Sulfonic acid) for approx. 16
hours at room temperature; the concentration
used was 0.5 g/l in N/100 sulfuric acid. The tape
was then rinsed for 1 mm. in each of four changes
of N/10 sulfuric acid and transferred to a known
volume of N/4 NaOH in which the dye completely
dissolved. The strength of the resultant dye
solution was measured in a spectrophoton1eter at
the dye's absorption maximum, 5080 A. The
standard dye in terms of whose weight the results
are given was I.C.I.'s Edicol Supra Carmoisine
WS dried over P205 for 3 days; this dye contained
approx. 10 water molecules0per molecule of dye
and its E 1% 1 cm. @ 5080 A was 436.
In order to calibrate the dye uptake by the
tissue removed, tapes were weighed on a micro-
balance before and immediately after stripping
off skin and then stained as above; there was no
rapid change of weight during weighing. To
measure the dye uptake per unit mass of insoluble
keratin tapes were stripped off skin, the keratin
stained and the dye eluted. The tapes were then
washed, dried and placed in petroleum ether. This
dissolved the latex and freed the keratin from the
tape. After the latex had been removed by petro-
leum ether rinses, the keratin was collected, dried
and weighed. Powdered callous skin particles were
also weighed and stained.
RESULTS
Stripping of the skin surface removed parti-
cles of the stratum corneum, each consisting of
one or more keratinized cells (Fig. 1). After a
few strippings continuous sheets of cells 5—10i
thick usually ripped off the skin surface, while
particles could still be seen. The bottom layer of
each sheet was composed of a continuous mem-
brane of keratinized cells (Fig. 2). In approxi-
mately 30% of the subjects cell sheets were
never obtained; in any subject they were ob-
tained more easily in skin made damp by pro-
longed enclosure under a water-tight seal, pro-
vided the tape could be made to stick. Only one
sheet could be taken from each skin area, so
that if all the tapes were laid on top of one
another the partial sheets on them formed a
complete pattern of conjunctum. Once a sheet
had been removed, or within 20 strippings if one
did not appear, the skin surface became glossy.
We shall follow Szakall (6) in terming the sheet
"conjunctum" and the particles "dysjunctum",
although it is plain from the non-appearance of
the sheet in some subjects that the particles can
be derived from all layers of the stratum cor-
neum.
Both particles and sheets were stained strongly
and evenly by carmoisine, as the similar stain-
ing of adjacent regions of the same tape shows
(Table 1). The latex was consistently but slightly
stained (0.57ig/cm2). With the usual density of
keratin picked up on the tape this blank was
small relative to the dye uptake by the keratin.
It was subtracted from each measurement.
The uptake of dye per unit mass of tissue re-
375
Received for publication July 26, 1961.
* From the War Department, Chemical Defense
Experimental Establishment, Porton Down, Salis-
bury, Wilts, England.
376 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 1. Carmoisine-stained keratin (dark patches on light background) on adhesive tape stripped
from the flexor surface of the forearm. Scale bars are 1 mm; upper figures higher magnifications of the
lower ones. A & B, first stripping; C & D, fifth stripping.
moved as dysjunctum particles was 0.106 g/g
(Fig. 3); the regression of tissue on dye mass
was used because most of the scatter was believed
to arise from the microbalance weighings. The
dye uptake per unit mass of insoluble keratin,
on the other hand, was 0.166 g/g (mean of 9
subjects, S.D. = 0.014); the difference between
the two figures indicates that about one-third
(34%) of the tissue removed was water or water-
or ether-soluble material. Weighing the tissue on
the tape and again after staining gave values of
the fraction removed of 30, 38 and 50%, con-
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FIG. 2. The bottom layer of cells in a conjunctum sheet, stained with Heidenhain's hemotoxylin,
which shows up the cell edges. Scale bar is 0.1 mm.
TABLE 1
Dye uptake by keratinous tissue on adjacent areas
stripped from the skin by adhesive tape
(jLg/cm2 of tape)
Dysjunctum particles 2.7 2.1 2.7 2.4
Conjunctum sheets 16.1 16.3 17.5 16.7
firming this indication. Previous estimates of the
soluble fraction of stratum corneum have varied
between 25 and 52% (6, 7,8).
Dye uptake by dysjunctum particles varied
little between individuals (S.D. 9%, above),
regions of the body or depth within the stratum
corneum (Table 2). Conjunctum sheets, however,
stained only about two-thirds as strongly as the
particles (Table 2); this was probably because of
incomplete diffusion of the dye into the sheet,
for the staining intensity continued to increase
for several days, (Fig. 4). Neither dye nor acid
concentration had a critical effect on the stain-
ing intensity of particles or sheets (Figs. 5 and 6).
Fine particles of callous skin stained as intensely
as the epidermal keratin while coarser particles
stained less (Table 3); this was probably again
due to incomplete diffusion, for the centres of
the coarse particles were still pale after 16 hours
in the dye.
The mass of keratin as dysjunctum removed
by each tape varied greatly with the individual
(between 30 and 300 JLg/cm2); in a given sub-
ject the first stripping always removed the most
(Fig. 7). The total mass of tissue removed down
to the glossy surface did not vary greatly be-
tween individuals, or between the sexes; the
mean from seven men was 0.98 (S.D. = 0.30)
and from seven women 1.09 mg/cm2 (S.D. =
0.15).
DISCUSSION
The staining of keratin on adhesive tape by
an acid-fast dye has proved to be a simple and
sensitive method of estimating the mass of the
keratin, simple because the keratin can be left
on the tape and the details of the staining pro-
cedure are not critical, and sensitive because of
the intense staining of the keratin and weak
staining of the latex; the limit of resolution is
approximately 10 g keratin/cm2 tape. Other
dyes could probably be used; naphthalene black
12B has been used for a similar purpose in dee-
trophoretic technic (9).
The main theoretical criticism of the method
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Fio. 3. The uptake of carmoisine by keratinous tissue on adhesive tape; mass determined by weighing
tape before and after stripping. The line is the regression of tissue on dye (x on y).
TABLE 2
Dye uptake by keratinous tissue from various
sources (g dye/g insoluble keratin)
Skin area
Flexor sur-
face of
forearm
Extensor
surface of
forearm
Scapular
surface of
back
Particle type
Dysjunctum
from near skin
surface
Dysjunctum
from near str.
granulosum
Conjunctum
0.142
0.153
0.102
0.161
0.146
0.096
0.141
0.164
0.122
Each sample was collected from nine men.
is that it depends on an unspecific chemical bond
between protein and dye, which might not be
stoichiometric, although similar combinations
have been shown to be so (10). In the present
case the staining intensity, i.e. the apparent
stoichoimetric relation, varied about 10% for
keratin from different sources.
The theory of protein staining by acidic dyes
is that an adsorption or loose chemical bonding
takes place between the cationic groupings of
the protein and the sulfonate (or other anion) of
the dye (11). With suitable chemicals this re-
action of the protein can be very strong: a so-
lution of carmoisine in contact with an excess of
keratin is practically completely decolorized,
while little dye can be removed by washing
stained keratin in acid. The reaction is also mas-
sive; in the present experiments dyed keratin
contained approximately one suiphonate of the
carmoisine per ten amino-acids of the protein.
That it is massive and irreversible (in acid so-
lution) may explain why such an unspecific bond
is nevertheless stoichoimetric.
The incomplete staining of the conjunctum
was not because it contained a different protein,
for dysjunctum particles from the same layer of
the stratum corneum as the conjunctum, and
therefore presumably of the same material (sec-
ond line of Table 2), stained as strongly as the
surface material. It is believed that diffusion
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FIG. 4. Staining intensity of keratin after dyeing with 0.5 g/l carmoisine in N/100 H1S04 for various
times.
FIG. 5. Staining intensity of keratin after dyeing with carmoisine at various concentrations in N/100
112S04 for 16 hours.
through conjunctum of water (2) or organic from a given area was relatively constant after
molecules (12) is slow, which could account for the first 2—3 strippings. In the absence of con-
the sluggardly staining of the sheet. junctum the number of strippings is therefore a
The mass of keratin removed as dysjunctum fair estimate of the amount of stratum corneum
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Fio. 6. Staining intensity of keratin after dyeing with 0.5 g/l carmoisine in various concentrations of
H2S04 for 16 hours.
TABLE 3
Dye uptake (g dye/g dry weight) of granular
particles of callous skin
Particid diameter Dye uptake
150—250 0.129 (±0.015)
250-420 0.083 (±0.007)
420—840 0.078 (±0.012)
Each value is the mean from three experiments;
valuesin brackets are the S.E. of the mean
removed, in a given region but not between re-
gions or subjects (ef refs 2, 4). The total quantity
of keratin removed when the glossy surface was
reached, which is at or near the granulosum (3),
was about 1 mg/cm2. At a density of one this is
equivalent to a thickness of 10 , considerably
less than that normally seen in histological sec-
tions. It follows that either the histological
picture is distorted or the density of the stratum
corneum in vivo is much less than one, pre-
sumably due to the inclusion of air, which can
be seen in histological sections.
The form of the tissue removed by stripping
can be used as an index, albeit indirect, of its
mechanical properties. The force applied to the
skin by the tape at the moment of its removal is
principally normal to the surface, the strength of
Fio. 7. Mass of keratin removed by successive
strippings of the same area of the flexor surface of
the forearm. In two individuals: A, conjunctum on
tapes 7—11; B, no conjunctum.
the tape and its adhesion to adjacent regions re-
ducing the tangential stresses set up. If thick
small particles come off under this force, the tan-
gential strength of the tissue is weak relative to
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its normal strength; if thin continuous sheets,
the opposite. In the stratum corneum the tan-
gential strength is limited by the adhesion be-
tween the edges of the flat plate-like cells, and
the normal strength by the adhesion between
the flat apposed surfaces of the plates, for these
are the two places where the particles and sheets
split off. The present results therefore indicate
that the ratio of edge-adhesion to plate-adhesion
is least at the surface of the skin and greatest
at the bottom of the stratum corneum. The ready
removal of sheets from damp skin indicates that
the ratio is greatly increased by the presence of
water. Blank (13) has shown that the flexibility
of epidermal keratin is dependent on its water
content; is it possible that this is partially be-
cause water loosens the adhesion between the
cell plates and allows them to flow over one
another?
SUMMARY
1. A method of estimating the mass of keratin
on adhesive tapes that have been stripped from
the skin is described; it depends on the stoichi-
ometric uptake of a dye by the protein.
2. The dye uptake per unit mass of keratin is
measured and the conditions affecting it de-
termined.
3. Some characteristic qualitative and quanti-
tative features of the stripping technic are
described.
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